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[TITLE OF THE INVENTION] Recording Device 
[CLAIM FOR PATENT] 

r 

[Claim 1] A recording device comprising a light source part 
having the number n of light sources that can be driven 
separately, an optical system for focussing light. beams from 
said light source part on an photosensitive medium surface, 
and a deflector for deflecting the light beams from said 
light source part to a predetermined direction, said 
photosensitive medium surface being simultaneously scanned 
with the light beams deflected by said deflector, 
characterized in that said light source part has the number n 
of light sources arranged at intervals of r substantially 
perpendicularly to said direction of deflection, the lateral 
magnification of said focussing optical system in a direction 
of the arrangement of said light sources is P, n is an 
integer of n > 3, I is an integer of2<I<n- 1 and I and 
n are prime with each other, and the interval p between 
adjacent scanning lines on the photosensitive medium surface 



p - (p-r)/I. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Field of Industrial Utilization] 

The present invention relates to a recording device 
such as a digital copying machine and a laser beam printer, 
in which a picture image is written with a light beam, 
particularly to a recording device in which a light source 
part including a plurality of light sources such as a multi- 
beam semiconductor laser array is used and a surface to be 
scanned is scanned simultaneously with a plurality of light 
beams to record information. 

[0002] 

[Prior Art] 

For example, in a laser beam printer, a laser beam 
from a semiconductor laser is applied to a rotating polygon 
mirror called polygon scanner, and a reflected beam from the 
rotating polygon mirror is applied to a surface of a charged 
photosensitive body moving at a constant speed. Because of 
the rotation of the rotating polygon mirror, the laser beam 
moves to scan perpendicularly to the direction of the 
movement of the photosensitive body. Because the laser beam 
is modulated in accordance with a picture image to output, an 
electrostatic latent image is formed on the photosensitive 
body. The electrostatic latent image is developed to be a 
visible toner image. In such a laser beam printer, for 
improving the minuteness of an output picture image, it is 
necessary to narrow each interval between scanning lines. 
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Besides^ for outputting a picture image at a high speedy it 
is necessary to increase the scanning speed. The heaviest 
problem against improving the minuteness and output speed in 
the laser beam printer is that there is the limit of the 
rotational speed of the polygon mirror. 

[0003] 

For avoiding this problem, a multi-beam scanning 
method has been proposed in which a surface to be scanned is 
scanned simultaneously with a plurality of laser beams. In 
the multi-beam scanning method, it is required to make a 
plurality of laser beam spots sufficiently close in a 
direction (hereinafter called sub scanning direction) 
perpendicular to the scanning direction (hereinafter called 
main scanning direction) by a polygon scanner, as a matter of 
course. For this purpose, efforts have been spent to make a 
set of closer semiconductor lasers, and presently, a 
semiconductor laser array in which each interval is narrowed 
to 10 |am is made on an experimental basis (e.g., refer to 
Japanese Patent Application Laid-open Publication No. 
39583/1990, R. L. Thornton et. al . , "Properties of closely 
spaced independently addressable lasers fabricated by 
impurity-induced disordering", Appl . Phys . Lett. 56(17), 
1623-1625 (1990), etc.). 

[0004] 

However, even in case of semiconductor lasers made 
close up to 10 [im by using a technique disclosed in the above 
publications, it is still insufficient for closely scanning 
in the sub scanning direction with no gap. As measures for 
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supplementing this, a method was schemed out of filling up 
each gap in the sub scanning direction by interlaced scanning 
(refer to Japanese Patent Application Laid-open Publication 
No. 110960/1981) . Besides, a multi-beam scanning optical 
system was devised in which each gap in the sub scanning 
direction is filled up by interlaced scanning with a 
semiconductor laser array having intervals of 10 jjm, and a 
patent application for the system has been filed as Japanese 
Patent Application No. 44435/1990 by the present applicant. 

[0005] 

Fig, 6 shows an example of interlaced scanning. In 
this example, interlaced scanning is performed with two laser 
beams Li and L2. In Fig. 6, dx represents a laser spot 
diameter defined in electrophotography (hereinafter called 
electrophotographic spot diameter) . The electrophotographic 
spot diameter does no mean the diameter of a laser spot 
itself on a surface A to be scanned but the diameter of a 
spot that appears when an electrostatic latent image having 
been formed on the surface A to be scanned, which is a 
charged photosensitive body, by laser exposure. The distance 
r3 between the centers of two spots Bi and B2 respectively 
formed on the surface A to be scanned by focussing the two 
laser beams Li and L2, is 3dx- Since sub scanning by 2dx is 
done at each main scanning, as shown in Fig. 6, the second 
scanning line is scanned by the laser beam L2 at the first 
main scanning, the first and fourth scanning lines are 
scanned by the laser beams Li and L2 at the second main 
scanning, and so on. In this order, all scanning lines are 
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scanned with no gap. That is, a gap is produced at each main 
scanning but the scanning line scanned at a main scanning is 
skipped at the next main scanning so that scanning is done 
with no gap as a whole. 

[0006] 

In the interlaced scanning, the following three 
conditions must be satisfied for avoiding double scanning or 
a non-scanned part remaining. 

(1) Sub scanning by ndx must be done at each main 
scanning when the number of laser beams is n. 

(2) The distance on the surface to be scanned 
between two laser beams must be integral times of their 
electrophotographic spot diameter. 

(3) The scanning line scanned at a main scanning 
must not be scanned at another main scanning. 

It is known that the third condition in those three 
conditions is satisfied when the following equation is 
satisfied where the number of laser beam sources is n, each 
interval of the laser beam sources is r, the lateral 
magnification of a focussing optical system in an sub 
scanning direction is p, and the scanning pitch is p (refer 
to Japanese Patent Application Laid-open Publication No. 
110960/1981) : 

p = p-r/(mn +1) ■•• Equation (1) 

where m is an integer of m > 0. When m = 0 in the equation 
(1) , interlaced scanning is not caused but a state that each 
adjacent spots are closely disposed in a sub scanning 
direction is caused. In the Japanese Patent Application 
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Laid-open Publication No. 110960/1981, M and lo are used in 
place of n and r in the equation (1), respectively. The 
minimum interval between scanning lines is called scanning 
pitch, which is represented by p in Fig. 6. For scanning the 
surface to be scanned with no gap by one laser beam, the 
pitch must be equal to the electrophotographic spot diameter 
of the laser beam, in general, p = dx. The spot interval p-r 
of a multi-beam laser on the surface to be scanned is 
expressed as P*r = I-p, where I (a positive integer) is 
called scanning order. 

[0007] 

The spot diameter of a laser beam is generally 
defined by the diameter when the amplitude of the light 
becomes 1/e of the spot center (1/e^ in power) (the spot 
diameter defined in this manner is hereinafter called optical 
spot diameter and represented by do). Fig. 7 shows a 
relation between optical spot diameter and 
electrophotographic spot diameter. In Fig. 7, the light 
intensity on the primary axis of the laser beam light is 
normalized to one. The ratio of optical spot diameter do to 
electrophotographic spot diameter dx is called spot diameter 
correction coefficient, represented by k, and defined as the 
following equation : 

k = do/dx. 

The value of k varies in accordance with process of 
electrophotography used. It is known that 1.4<k<1.6is 
desirable in a process of negative development in which toner 
is made to adhere to parts illuminated with light while 
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l,5<k<1.8 is desirable in a process of positive 
development in which toner is made to adhere to parts not 
illuminated with light (refer to TANAKA, "Study of gradation 
reproduction in laser-xerography", 6th Color Engineering 
Conference, p77-p80 (1989)). 

[0008] 

[Problems that the Invention Is to Solve] 
In interlaced scanning as described above, it may be 
supposed that each interval between focussing spots can be 
widened to any extent if the proper integer m is selected. 
In practice, however, there is the problem that greatly 
distant focussing spots require a scanning device with very 
high mechanical accuracy. The reason will be described below. 

[0009] 

In case that a surface to be scanned is scanned with 
one spot B as shown in Fig. 9, if the pitch p on the surface 
to be scanned has an error Ap, the allowable relative error 5 
0 of the scanning speed in an sub scanning direction is 
expressed as follows: 

8o = Av/v == Ap/p 
where v represents the scanning speed in the sub scanning 
direction and Av represents the speed error of sub scanning. 
In case of n = 4 and m = 1 as shown in Fig. 10, the allowable 
relative error 84,1 = Ap/16p = 80/I6, where accuracy is 
required to be higher by more than ten times than that of Fig 
9. This tendency becomes remarkable as the number n of light 
sources and m increase. Although the allowable error of the 
scanning speed in an sub scanning direction has been 
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described above, the same can apply to not only the speed 
error of sub scanning but also accuracy of the lateral 
magnification of an optical system and dimensional accuracy 
of each interval between light sources. 

[0010] 

For solving those problems, it is evidently 
preferable that each interval between focussing spots is as 
small as possible. In the above equation (1), the focussing 
spot interval is the smallest in case of m = 0 but interlaced 
scanning is not done when m = 0, as described above. For 
this reason, the focussing spot interval is substantially the 
smallest when m = 1. In this case, the interval p-r between 
adjacent focussing spots on a surface to be scanned is (n + 
Dp, and so increases in proportion to increase of the number 
n of light sources. From the above, the allowable relative 
error 5n,m required in case of the number n of light sources 
and m is calculated to have a relation as the following 
equation : 

8n,mo8n,i = 80 / * ' ' Equatlon (2) . 

This is because each interval between focussing 
spots is (n + l)p when m = 1 as typically shown in Fig. 8, 
the interval between the most distant focussing spots is (n^ 
- 1) -p, and so the last spot B scanned at the first time and 
the first spot C scanned at the n-th time are adjacent to 
each other, 

[0011] 

Besides, for widening each interval between 
focussing spots and scanning a plurality of times with beams 
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in order to fill the interval with no gap, there is the 
problem that the larger the number of scanning lines to skip 
is, the larger the high-speed memory capacity necessary to 
electrically control interlaced scanning is. The present 
invention is devised to solve the above problems, and aims to 
provide a recording device in which each interval between 
focussing spots is narrowed, accuracy required for a scanning 
optical system is moderated, and interlaced scanning can be 
done equally or more with a scanning optical system simpler 
than conventional one . 

[0012] 

[Means for Solving the Problems] 

For attaining the above object, in a recording 
device comprising a light source part having the number n of 
light sources that can be driven separately, an optical 
system for focussing light beams from said light source part 
on an photosensitive medium surface, and a deflector for 
deflecting the light beams from said light source part to a 
predetermined direction, said photosensitive medium surface 
being simultaneously scanned with the light beams, the 
present invention is characterized in that said light source 
part has the number n of light sources arranged at intervals 
of r in an sub scanning direction, and the interval p between 
adjacent scanning lines on the photosensitive medium surface 
is 

p = (p-r)/I 

where the lateral magnification of said focussing optical 
system in a direction of the arrangement of said light 
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sources is P, n is an integer of n > 3, the scanning order I 
is an integer of2<I<n-l, and I and n are prime with 
each other. Particularly in case that the number n of light 
sources is odd, when the scanning order 1 is two, there is an 
effect that the intervals of spots can be equal independently 
of the number n of spots and so the manufacture becomes easy. 
In case that the number n of light sources is even, there is 
the same effect when the scanning order I is the smallest 
natural number prime with the number n of light sources. For 
example, there is the effect when I is three if the number n 
of light sources is four, or when I is five if the number n 
of light sources is six. 

[0013] 

[Operation] 

When the scanning order I is defined as that the 
interval P*r between adjacent focussing spots on a surface to 
be scanned is divided by scanning pitch p, interlaced 
scanning is possible if the number n of light sources and the 
scanning order I are prime with each other, that is, the 
greatest common divisor of I and n is one. In that case, 
interlaced scanning is possible even when each interval 
between light sources is smaller than that shown by the 
equation (1). The equation for defining I is shown as 
follows : 

I = (P-r)/p Equation (3). 

When the equation (3) is rearranged on the basis of this 
definition, the following equation (4) is obtained, where 
interlaced scanning is possible. 
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p-r = I-p Equation (4) 

(where I is an integer prime with n) . Comparing the 
equations (4) and (1), characteristics of cases in which 
interlaced scanning is possible under the respective 
conditions will be compared. 

[0014] 

For example, when the number n of light sources is 
four, the minimum spot interval p-r meeting the equation (1) 
is P'r = 5p because p-r = (mn + l)p- In comparison with this, 
in case of the equation (4), the smallest I prime with n = 4 
is three. Hence, p-r = 3p. Further, when the number n of 
light sources is five, while the minimum p-r meeting the 
equation (1) is p-r = 6p, the smallest I prime with n = 5 is 
two, so p-r = 2p in case of the equation (4). Thus, in the 
latter case, the equation (4) brings each interval p-r 
between focussing spots on the surface to be scanned to 1/3 
of that by the equation (1) . 

[0015] 

In a recording device constructed according to the 
present invention, the scanning order I can be smaller than 
the number n of light sources when n is three or more. As a 
result, accuracy in position or speed required in an sub 
scanning direction may be low. In the construction according 
to the present invention, the allowable relative error Yn,i in 
position or speed required in an sub scanning direction is 
expressed as follows when the number of light sources is n 
and the scanning order is I: 

Yn,! > 6o/I- (n " 1) . 
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Here, because I < n - 1, yn,i is after all expressed as 
follows : 

Yn,i ^ 80/ (n - 1) ^ • • • Equation (6) . 

Comparing the allowable relative error equation (6) according 

* 

to the present invention with the equation (2) showing the 
allowable relative error according to a prior art method in 
case of the same number n of light sources, Yn,i > 8n,m is 
always satisfied because 80/ (n - 1)^ > 80/n^ is always 
satisfied- Consequently, when the construction according to 
the present application is employed, accuracy in position or 
speed required in an sub scanning direction is always lower 
than that of the prior art. Besides, the capacity of a high- 
speed memory required for controlling interlaced scanning 
becomes small. 

[0016] 

In particular, by selecting an odd number of three 
or more as the number n of light sources, interlaced scanning 
with the scanning order 1=2, which is the smallest 
theoretically, can be realized. In that case, accuracy in 
position or speed required in an sub scanning direction 
becomes especially low even in the present invention. For 
example, as shown in Fig. 12, while 75,3 = 80/IO when the 
number n of light sources is five and the scanning order I = 
3, Y5,2 = 80/5 when the scanning order 1 = 2. In the latter 
case, the required mechanical accuracy is enough to be half 
of that in the former case. As evidently by comparing Figs. 
13 and 14, the mechanical accuracy required when I = 2 is 
equal to that in case of not using interlaced scanning. 
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Besides, the capacity of a high-speed memory required for 
controlling interlaced scanning becomes especially small even 
in the present invention. Besides, each interval between 
light sources become fixed independently of the number n of 
light sources. 

[0017] 

Besides, by selecting an even number of four or more 
as the number n of light sources and selecting the smallest 
natural number prime with the number n of light sources as 
the scanning order I, interlaced scanning with the scanning 
order, which is the smallest theoretically when the number of 
light sources is even, can be realized. In that case, 
therefore, accuracy in position or speed required in an sub 
scanning direction becomes especially low. Besides, the 
capacity of a high-speed memory required for controlling 
interlaced scanning becomes especially small. Table 1 
comparatively shows errors in position or speed based on the 
present invention and a prior art (refer to the Japanese 
Patent Application Laid-open Publication No. 110960/1981) in 
the range of three to eight light sources. Besides, Fig. 15 
is a graph showing combination of the number n of light 
sources (laser beams) capable of interlaced scanning and 
scanning order I . 

[Table 1] 
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Table 1: Comparison of allowable speed errors in an sub 
scanning direction according to the present invention and 
prior art 



Present invention 


Prior Art (m = 1) 






Yn,l/6o 


n + 1 




n 


I 


= P-r/p 


8n,m/So 


3 


2 


1/3 


4 


1/9 


4 


3 


1/8 


5 


1/16 




2 


1/5 


6 


1/25 


5 


3 


1/10 








4 


1/15 






6 


5 


1/20 


7 


1/36 




2 


1/7 


8 


1/49 




3 


1/14 






7 


4 


1/21 








5 


1/21 








6 


1/35 








3 


1/16 


9 


1/64 


8 


5 


1/24 








7 


1/48 







n: the number of light sources 
I : scanning order 

8o : allowable relative error in speed in case of a 
single light source 

Yn,i: allowable relative error in speed in case of the 
present invention 

8n,m: allowable relative error in speed in case of the 
prior art 

p-r: spot interval on a surface to be scanned in 
case of the prior art 
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[0018] 



[Embodiment] 



An embodiment 



of tlie present 



invention will be 



described liereinafter witln reference to drawings. An example 
in wliich a laser beam printer of the resolution of 800 spi 
( spots/incti) is realized with a multi-beam semiconductor 
laser array will be described laying stress on an example of 
design of optical system. Fig. 2 is a view typically showing 
an embodiment of the present invention. Three laser beam 
lights emitted from a multi-beam semiconductor laser array 1 
pass through a collimator 2 and a cylindrical lens 3 and then 
are deflected by a polygon scanner 4 to scan a photosensitive 
body. The deflected laser beam lights are focussed on the 
photosensitive body 7 through a cylindrical lens 5 and a 
focussing (f-0) lens. The photosensitive body 7 is rotated 
in the direction shown by an arrow 8 . The movement by this 
rotation of the photosensitive body 7 in the direction shown 
by the arrow 8 is called sub scanning. The cylindrical 
lenses 3 and 5 are for correcting a surface tilt of the 
polygon scanner 4 and form a so-called anamorphic optical 
system. An optical image written on the photosensitive body 
7 is developed by an electrophotographic process to be 
visible (not shown) . 



system of Fig. 1 in the plane perpendicular to the deflecting 
surface and including the optical axis. Fig. 4 is a 



[0019] 



Fig. 3 is a 



development of the part of optical 
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perspective view showing the construction of the multi-beam 
semiconductor laser array 1 shown in Figs. 1 and 3. The 
spread angle 0i of each laser beam in a parallel direction to 
the junction surface of the semiconductor laser array used is 
12°. The spread angle is defined by the angle at which the 
power is 1/e^ of the power on the optical axis, as shown in 
Fig. 11. It should be distinguished because there are also 
many cases that the spread angle of a semiconductor laser is 
expressed with full-width half -maximum (FWHM) at which the 
power is 1/2 of that on the optical axis. The emission 
wavelength X of the semiconductor laser is X = 0.78 ^tm. The 
diameter do in an sub scanning direction of the focussing 
spot of each laser beam light on a surface to be scanned is 
expressed as follows when the beam diameter in the sub 
scanning direction of the laser beam light incident on the 
focussing optical system is D, the focal length of the 
focussing optical system in the sub scanning direction is fzf 
and the ratio of the circumference of a circle to its 
diameter is tt: 

do = 4f2X/7iD. 

The beam diameter in the sub scanning direction of the laser 
beam light incident on the focussing optical system is 
expressed as follows when the focal length of the collimator 
is f 1 : 

D = 2fisin (61/2) . 

[0020] 

Hence, when the lateral magnification P of the 
focussing optical system in the sub scanning direction is P = 
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tz/f-if the diameter do in the sub scanning direction of the 
focussing spot of the laser beam light on the surface to be 
scanned is after all expressed as follows (refer to Fig, 5): 

do = 2>.p/7isin(Gi/2) . 
This is optical spot diameter as described before, and 
differs from the diameter of the finally formed image. The 
diameter in the sub scanning direction of the finally formed 
image by an electrophotographic process, that is, 
electrophotographic spot diameter dx, is obtained by dividing 
do by k, so it is expressed as follows: 

dx = do/k = 2A-P/Tcksin(ei/2) . 
Since the interval between adjacent semiconductor laser 
elements of the multi-beam semiconductor laser array 1 is r, 
the interval ri between adjacent focussing spots on the 
surface to be scanned is given by the following equation: 

ri - Pr. 

Because the value obtained by dividing this ri by dx must be 
equal to scanning order I, I = ri/dx- 

[0021] 

From the above, the interval r between adjacent 
semiconductor laser elements of the multi-beam semiconductor 
laser array 1 is expressed as follows: 

r = 2A.I /Tiksin (Gi/2 ) equation (7). 

Based on this equation (7), when X = 0.78 |am, Gi = 12°, and I 
= 2, r is calculated as r = 7 . 0 |am. It has been already 
described that this value may be fixed independently of the 
number of beams if the number of beams is odd. Hence, even 
when n = 5, or even when n = 7, r = 7.0 |im. This means that 
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those semiconductor laser arrays can be manufactured by a 
common process. For fabricating a laser beam printer of the 
resolution of 800 spots per one inch (800 spi) , dx must be 
25.4 mm/800 = 31.75 ^im. Hence, when scanning order I is I = 
2, ri = 63.5 lum, and the lateral magnification P of the 
optical system can be conversely calculated from that as (3 = 
9.1. 

[0022] 

Although the above embodiment is based on 
electrophotographic process, it is needless to say that the 
present invention can apply also to recording devices using 
processes other than electrophotographic process. That is, 
the present invention can apply also to recording devices in 
which ordinary photosensitive films are scanned in place of 
photosensitive bodies for electrophotography, or to thermal 
recording wherein imaging is performed by using a thermal 
effect of a laser beam light, or to optical magnetic 
recording. In these cases, however, the optimum value of k 
in the above equation (7) is not always equal to that in case 
of using electrophotographic process, so each interval 
between laser beam sources must be experimentally determined 
separately in accordance with a recording process used. In 
the above description, electrophotographic spot diameter dx 
must be equal to pitch p for scanning the whole surface of a 
photosensitive body with no gap. But the present invention 
is to provide a recording device capable of scanning all 
scanning lines at scanning line pitches of p except the 
starting and ending parts. So it is needless to say that the 
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present invention can apply also to cases that all scanning 
lines are scanned without omission except the starting and 
ending parts even when the whole surface is not scanned with 
no gap . 

[0000] 

[Effect of the Invention] 

According to the above recording device of the 
present invention, when multi-beam scanning is done by 
interlaced scanning, there is no necessity of the mechanical 
accuracy in sub scanning, accuracy in magnification of an 
optical system, or dimensional accuracy in a used multi-beam 
semiconductor laser array, which are required in a prior art. 
Therefore, high resolution and high-speed recording become 
possible with ease. Besides, the capacity of a high-speed 
memory required for controlling interlaced scanning may be 
also small. Further, when the number of laser beams is odd, 
manufacturing process of semiconductor lasers can be made 
common . 

[0024] 

[Brief Description of Drawings] 
[Fig. 1] 

Fig. 1 is a diagram typically showing the interval { 
p-r) between beam spots, the number (n) of spots, and 
scanning order (I) in a recording device according to the 
present invention . 

[Fig. 2] 

Fig. 2 is a perspective view showing a schematic 
construction of the device according to the present invention. 
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[Fig. 3] 

Fig. 3 is a development of the optical system of Fig. 
1 in the plane perpendicular to the deflecting surface and 
including the optical axis. 

[Fig. 4] 

Fig. 4 is a perspective view showing the 
construction of the multi-beam semiconductor laser array 
shown in Figs . 1 and 3 . 

[Fig. 5] 

Fig. 5 is a diagram typically showing a focussing 
optical system for a laser beam. 

[Fig. 5] 

Fig. 6 is a diagram for illustrating the principle 
of interlaced scanning, showing the relation between 
focussing spots of laser beams on a surface to be scanned and 
scanning lines. 

[Fig. 7] 

Fig. 7 is a diagram showing the relation between the 
distance from the spot center and light amplitude in a 
focussing spot of a laser light. 

[Fig. 8] 

Fig. 8 is a diagram showing the positional 
relationship between spots in interlaced scanning according 
to a prior art, 

[Fig. 9] 

Fig. 9 is a diagram showing position errors of spots 
in case of scanning with a single beam. 

[Fig. 10] 
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Fig. 10 is a diagram showing position errors of 
spots when the number n of semiconductor laser elements is 
four and scanning order I is five. 

[Fig. 11] 

Fig. 11 is a diagram showing dependence on radiation 
angle of the amplitude of a laser light emitted from a 
semiconductor laser . 

[Fig. 12] 

Fig. 12 is a diagram showing a relation of errors in 
position or speed in an sub scanning direction required when 
the number n of semiconductor laser elements is five and 
scanning order I is three. 

[Fig. 13] 

Fig. 13 is a diagram showing a relation of errors in 
position or speed in an sub scanning direction required when 
the number n of semiconductor laser elements is five and 
scanning order I is two. 

[Fig. 14] 

Fig. 14 is a diagram showing a relation of errors in 
position or speed in an sub scanning direction required when 
the number n of semiconductor laser elements is five and 
scanning order I is one. 

[Fig. 15] 

Fig. 15 is a graph showing combination of the number 
n of light sources • (laser beams) capable of interlaced 
scanning and scanning order I, 

[0025] 

[Description of References] 
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1: multi-beam semiconductor laser array, 2: 
collimator lens, 3: cylindrical lens, 4: polygon scanner, 5: 
cylindrical lens, 6: focussing (f-9) lens, 7: photosensitive 
body, 8: reflecting surface of polygon scanner, 10: GaAs 
substrate, 11a to 11c: bonding pads, 12: bonding wire (Au) , 
13: AI2O3 l/2>. coating, 14: {AI2O3 1/4>l + Si 1/4X,) three- 
period coating, 15: semiconductor laser element, 16: laser 
beam light, li: scanning line 1, I2 : scanning line 2, I3 : 
scanning line 3, 0i: spread angle of laser beam emitted from 
semiconductor laser element, in parallel direction to the 
junction surface, 62: spread angle of laser beam emitted from 
semiconductor laser element, in perpendicular direction to 
the junction surface, Li: laser light 1, L2 : laser light 2, 
p: scanning pitch, Ap: position error of scanning pitch, 
FWHM: full-width half-maximum of spread angle of laser beam, 
r: interval between semiconductor laser elements, n: the 
number of semiconductor laser elements and the number of 
corresponding laser beam lights, I: scanning order, fi: focal 
length on the light source side of optical system, f2: focal 
length on the focal plane side of optical system, p: lateral 
magnification of optical system, X: emission wavelength of 
semiconductor laser element, dx: electrophotographic spot 
diameter, do: optical spot diameter, 80: relative error in 
position or speed in sub scanning direction required in case 
of single beam, 8n,m' relative error in position or speed in 
sub scanning direction required in case of the number n of 
semiconductor laser elements and integer m in prior 
art, Yn,i: relative error in position or speed in sub 
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scanning direction required in case of the number n of 
semiconductor laser elements and scanning order I according 
to the present invention. 
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IN DRAWINGS 

IN FIG. 1 
SCANNING NUMBER 
PITCH 

LIGHT BEAM SPOT 

NUMBER OF SPOTS: n (INTEGER OF 3 < n) 
I AND n ARE PRIME WITH EACH OTHER 

IN FIG. 5 

LASER LIGHT SOURCE 
COLLIMATOR 
FOCUSSING LENS 
SURFACE TO BE SCANNED 

IN FIG. 6 
SCANNING NUMBER 
SCANNING PITCH 
FIRST SCANNING LINE 
SECOND SCANNING LINE 
THIRD SCANNING LINE 
FOURTH SCANNING LINE 
FIFTH SCANNING LINE 
SIXTH SCANNING LINE 
SURFACE A TO BE SCANNED 
MAIN SCANNING DIRECTION 
SUB SCANNING DIRECTION 
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IN FIG. 7 

LIGHT AMPLITUDE (POWER) 

DISTRIBUTION OF LIGHT AMPLITUDE (POWER) 
DISTANCE FROM SPOT CENTER 
ELECTROPHOTOGRAPHIC SPOT DIAMETER 
OPTICAL SPOT DIAMETER 

IN FIG. 8 
SPOT C 
SPOT B 

SPOT C (ALWAYS COMES AT THIS POSITION AT n-TH TIME) 

IN FIG. 9 
SPOT B 

FIG. 11 

LIGHT AMPLITUDE (POWER) 

DISTRIBUTION OF LIGHT AMPLITUDE (POWER) 
RADIATION ANGLE 
SEMICONDUCTOR LASER ARRAY 

IN FIG. 15 
SCANNING ORDER: I 
STRAIGHT LINE OF I = n 
NUMBER OF LASER BEAMS: n 
(n, I) INCLUDED IN INVENTION 
(CASE THAT n IS ODD AND 1=2) 
(CASE THAT n IS EVEN AND I IS MINIMUM) 
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(n, I) OF PRIOR ART (JAPANESE PATENT APPLICATION 
LAID-OPEN PUBLICATION NO. 110960/1981) 

(n, I) INCLUDED IN NEITHER 
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